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Preface V 

•■' ••; . ■■■ ■ ■ \ 
• Mars: The Viki'nq biscoveries is the ^ 
1 7th NASA educational publteatjon to 
outline the results ol NASA's; research 
activities In' spate icience^: . ' 

Prepared in a format that will be 
useful to the teacher of basic courses 
ih Earth science, Earth-space scieince,' 
astrdnorny, physics, arid geology, they 
are also written in a style that will 
appeal to the wel.t-informed, 
intellectually curious layman. 

The author. Dr Bevan M. French, is ... 
a geologist who has studied Moon 
rocks and ancient terrestrial meteorite 
craters for more than 10 years. In 1973 
he helped discover a Brazilian impact 
ci[ater 25 rpiles in diameter and- 150 
million^years old. He now manages 
NASA's program for scientific researcj;i 
on meteorites, lunar samples, and 
other kinds of extraterrestrial materials.- • 
as' Chief, Extraterrestrial Materials ^ 
Research Program. Office of Space 
Science. h|i^ 'Program is also helping 
N'ASA plan ahead for the return of 
. rocks from. yet another world— Mars— 
so that scientists can find out directly 
what the Red .Planet is really like. 
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The New Arrival 



• Exactly 7 years after astronauts first 
landed on thiB Moori, a new Inhabitant 
arrived on. Mars. On July 20, 1976, a 
lop-shaped object dropped fronn ^ts : 
orbit hundreds of kilorneters above 
Mars and streaKed downward into the 

, late afternoon Martian sky. About 40* 
kilometers' above the surface of the 
planet, the thin air began 'to grip and ■ 
slow the capsule. At an altitudp of 6 
kilometers, a huge parachute unfurlec^, 
a protective shell broke away, and the 
metallic object inside began to 'drop to 
the ground more slowly. At an, altitude 
of 1.7 kilometers, three rocket engines 
fired dowriviard, slowing; the 
spacecraft even more. The parachute 
was cut loose, and the object settled. \ 
gently ^to the grourid. The rocket ' 
engines immediately shut down.^The - .^ 
Viking 1 Lander, had arrived orvMars.^ 
with no more shock than a terfestriaf^,. 
skydiver landing in the^etenter of his).'.' h 

^target. ■ ^ "/ ..;v. ^y 

Instariily the computer that had 

. guided the spacecraft on Its journey 
sent a message to Earth that said / 
essentially: "I am here. I am down ' ■ ■ 

■ safely. 1 am beginning my work." Earth 
vyas more than 321 million kilometers " 
X200 million miles) away.^and even at- 
the incredibly fast speed'of light . 
(300.000^kilometers per second), it 
was almost 20 minutes later, 5:12 
A.M., Pacific Daylight Time, before trie 
Lander's niessage reached the Viking 



.Figure 1. Mars at Close Range, Tiny 
Martian pebbles appear in sharp detail in 
this first picture ever taken on the surface ^ 
of Mars: Even after being transmitted for 

' 320 milliprj kilometers (200 miffion miles), 
the picture /s So cl^ar that.ttJe observer 
seems to stand pn Mars^beside the Viking 
i Lander. One of Jhe Uander's footpads 

" (lower ^ij^ht) rests firmly on a surface made 
of fine soir'and scatte/ed rocks. Large rock 
■ (upper 'center) shows triangular faces that 
may have been cut by., wind-driven sand. 
Another rock ts dpttecj'with i 
small dark pits that possibly wer^ formed 
by gas escaping from once-molten lavst 

■ The picfure^was taken with a aamera thst 
scanned the^^ene vertically, line by line, 
from Je ft Jo-^ right. Completing the picture in^ 
'^o,ut 5 minutes. f 



ControrCenter ai.the NASA Jet 
ProDulslon Laboratory-in Pasad^na^ 
California. When the applausd' and ^ 
corjgratulations began on Earth, Viking 
1 already had beeri studying Mar^ for 
. 20 minutes Momef\ts later. Earth's TV 
screens began to show the first - ^ 
pictures of Vjftiljp 1's footpad, fjjmiy 
planted on tile soil of Mars (Figure 1). 
A( new .era in o'urexpiorWidi of the 
3d Planet had begun/ 



/hy Mar 

jk/l^f^has be^n hunrianity's 
//thoughts' since astronomy began. The 
-Babylonians first began to follow the 
mentions of what to them was a ■ 
wandering red light in thfe ^y, and ■ 
\.they ndmed It htergal after their god of 
vyar. Lditer, the Romans, honoring their 
vOwn^war-god,*gave the planet its^: 
. preserjl name\ 

A century ago, as the first large • 
. telescopes were trained on Mare, 
Qbser\^ers saw that the planet had a- 
reddish surface, wKite polar caps, an 
atmosphere, clouds, and changing 
patterns of light -and dark that might 
be vegetation on its surface. It seemed 
to belan Earthlikg plarieton which life 
could exist, and some astronomers 
' clainfjled to see long lines of canals 
!made by intelligent beings; Fiction 
.'writers, therefore, needed li,ttle 
encouragement to populate f^ars with 
a wi'de variety of creatures: • 
philosophical canal builders, leathery 
mo/isters who invaded'Earth, anql a 
varjiety ot humanoids with hum^ traits 
of good and evil. \ . 

The Space Ag6 methodically 
retjnoved the basis for much of this 
I'Srid of romance about Mars. No ^ . 
canals could be seen at close range, • 
and their'"appearance was explained 
\ as optical illusions that had affected ■ , 
\ Earthly astronomers. The Martian- >.* 
\ atmosphereioroved too thin to breathe. 
aM there was very little .vyater. These- 
'Sdiscoveries'only fncreased pur ' 
curiosity about tKe real nature of-Mars 



and its relatiop^the othjsr worlds we 
know. The^eMscoveries bid not ruje out 
the" po^sl& lity that -some f6rjii.pfjf e 
mioilfexist on the distant planet. Mars 
^neither entirely dry and airless like 
the Moon, nor watery arid teemjng with 
life like the Earthy What was Mars 
really like, and wh^t could it tell us \. ^• 
about the Earth and- the 'Moon? 

Exploration of the solar systenni hadj. • 
earlier been established as a top ': * 
NASA goaJ for the period/after Apollo;> 
The. program was aimed at a better 
understanding of the sblar system's ' 
origin and evolution, the origin of life, 
c and the planetary processes ttjat 
affect life pn Earth. Because Marsi of- 
all the planets, most resembled the . 
Earth an^ appeared the most likely to 
fiarbor stfme form of life, tt^was giveri ; 
top priority for scientific . sii/dy. 

As spacecraft obseryect th'e planet 
In closer and closer ^detail, we^ 
.^discovered that Mar§ is not uniform. 
The early flybys (Mariner 4 in 1964 " : 
and "Mariners 6 and ,7 in 1969) had, 
■ produced' photos Of a heavily cratered 
surface that looked as dead and static 
as the surface oT the Moon. But the 
photographs and maps obtained from - 
VMariner 8 in\l971, as It orbited Mars 
for about ay^^ar, showed that the ' 
planet Is^actu^lly a tw^art world. ' 

.The sQutherp half ot fVlars,"^ch the 
first Mariner spfacecraft had loc^Ked at, 
* seems muchMiKe the surface of the 
Moon: ancient. Inactive, and still » 
'heavily cratered by an Intense 
meteorite bombafdment thaterriay have 
occurred d.uring"-the planet's earliest 
years.. , ^ 

The northern haK of fyiars is more 
E^like: younger appearing, 
geologically' active, and perhaps still ; 
changing. In this part of Mar^ the ^^->n^ 
Mariner 9 pictures showed huge 
volcanoes, great fields of lava.-and / ' 
cracks and fractures in the crust. Mosj^ 
• "^feurpriSing^^and most exciting to ^ 
scientists, were huge canyons arid 
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winding, braided '.qhanriB Is that 
seemed to hiaye been scoured by 
. floods of rurining Water, alttiough nb 
liquid water can be ^feen on tftq 
surface of Mars, i^yi i S ■ ' 
By Ifie early 1970S, Mari had been 
r^dognized as an ''iri-betwefl66'' world,'' 
partly like the Earih,; partlyjlike. the 
Moon, yet unique in many, ways..^ 

. ' ^ ' 'rn'm: 

Viking to Seek ^Answers ; 

' ' The Viking missipn'; would make a , 
more thorough study ;to answer ^orro ■ 
of the questions raised by Maririer 9! . 
For example, how old are the huge 

■ volcanoes that Mariner 9. had 

' discovered on Mars? It was clear that 
Mars,,like the Earth and Moon,* 
showed^^evidence of internal h^at and 
volcanic activity. But the Mooryihas 
b^en dead and quiet for nnore'than 3 
billion years, since the last floods of ^ 
lava^ured across it£ surface to form 
the lunar "seas." The Earth; on the 

■ other hand, haa been active for the 
same length of time and is^Still active 
today. If the volcanoes of Mars are 

.old, then Mars may be a dead'world 
like the Moon. If the volcanoes are 
yopng (and to geologists, a few 
hundred million years is "young"), theft 
Mars may still be an active planet like 
th^ Earth. _ 

^The winding channels carved across 
the Martian surface are another * ^ 
mystery revealed by Mariner 9. If these 
channels we|;e cut, by flood waters, " 

. then where has all the wsfter gone? Is * 
Mars now. in an ice age like those that 
once chilled the Earth? Was Mars' 
water now frozen away underground, 
waiting for a^^Hght Warming to bring it 
rushing forth agkinTThe further study 

. of Mars might show us howUhe Earth* 
had started its long history of vCTcanic 
activity, and we might everrlearn how 
climatic changes and ice ages begin 
and end. i - • - . 

Moreover, where there are heat and 
liquid water, there may be iife.^ "How ^. 
did life start?" and "Is there life . ' 



elsewhere?" are' basic questions that 
we contPnue to ask as we explore 
other planets. The scorched anof 
watefrless Mo(5n has yielded no TOce- 
of 'life. On Earth, the records of the 
ori^r^ of life have been erased by the 
d©u:ejopment and 'activities of later 

.' picmt arid anima^j life forms. On Mars, ; 
where the envirofinpentffor life is 

. neither as harsh.fes the Moon's nor as 
^generous a$:'lhef''Earth's we might find, 

■ ;still preserved,' thei answers to how life 
came into being. We rhight ei^en find 
,;!ife itself,' answering or^ of oXir oldest 
speculations. Whether Viking detected 
a humanoid or invisible microbe, the 
discayisry of ^y Martian life would puf 

y ■■Us forever in a rnews'ie^onship to the, 
J. universe arountl us. \^ 
]' : . • y ; . • — -^^^^==4^ ' 

the Viking Spacecraft 

The Viking Mission to M^rs thus 
combined twb rnajor goals; to study 

, the atmospher^ and geology of the 
entire piarj'et, and to analyze jts soil , 
and search for life in two specific * 
locations, teach of the two Vikings 
launched .toward Mars in 1975"was^ - . 
double spaceship. One part,* the • 
Orbiter, would circle Mars ^ 
continuously, photographing the 
surface'of Mars.and. analyzing its. 

t atmosphere from hundreds of 

kilometers^above the planet. The other 
.half, the Lander, would go down to the 
surface of Mars, carrying a battery of 
instruments to probe directly around 
the landing, site. Ohce down, the 
Lander would never leave. The'NAktngs 
would not return to Earth with a load .of 
Martian rocks and soil. Instead they, 
would radio back to Earth their 
discoveries at>out the atmosphere,. , 
chemistry, quakes, soil, and, perhaps, 
the life of Ma?s. , 

The landing c3f Viking ton-the^ 
Surface of Mars was a camjDlicated ^ 
arid ambitious undertaking, irior'e 
difficult in some, ways than landing 
astronauts on the Moon, tngioeers-' 
knew that, at the moment of landing,. 
./Mars and Earth v/ould bq,so far apart 
that communications between the 
Viking and ils Earth-bound human . 
cOntroll^s would take about 20 
minutes, for a one-way trip. A^l sucfi • 



distances, there is no possibility of; 
direct intervention if anythihg.goes - 
^ wrong. Once the computer on-th© 
Viking spacecraft was given the order 
to lanct the landing went ahead 
automatically, and the people on Earth 
could only wait and hope. 

Considering these diffidulties, it was 
not surprising that Viking 1 was 
actually the fourth attempt to land a 
spacecraft op the surface of Mars, 
Two Soviet ;6pacecraft, Mars-2 (-197^) 
and Mars^e (1973), apparently / ' , 
crashed^/hile attempting to laryifA 
third Soviet spacecraft, Mars-3 (T971) 
soft^nded safely but stopped 
operating after less than 20 seconds 
jdn the surface. . < 

The Viking, missiqfi had two unique 
and (fnporlant features designed to 
make the landing successful. First, the 
landing area was to be carefully 
photographed and inspected while the 
spacecraft stayed in^orbit around 
Mars, In addition, the actual landing 
could be postponed until an 
acceptable site j/vas found. Viking 1 
spent a month circling Mars while the 
cameras in the Orbiter portion 
photographed possible landing sites in 
great detail and transmitted the/^ 
photographs back to Earth yvhere' 
^scientists examined them for rough 
gr^nd, boulders,' and other possible 
hazards:"'" " ■ 

The Viking photographs were 
sharper and more detailed than 
anything obtained during the earlier 
Mariner missions, Landing^^ites that 
had been considered safe because 
they seemed smooth and level in the 
Mariner*9 pictures suddenly displayed 

Figure 2. A Viking Robot Ready for Mars. 

. A full-size working model o1 the Viking 
Lander sits on a simulated Martian surface 
at the^ASA Jet Propulsion Laboratory. 
This spacecraft, about 7.5 meters (5 feet) 
across and about 0.5 meters (1.5 fqet) 
high, weighs about 890 kilograms (1 ton^ 
The soil sample collecting afrrf stretches 
' a^ijt 3 meters (W feet) to the lower right: 
The cameras are the vertical cylinders, 
each with a vertical black slit. The disk, , 
top. rear, is the S-band high-gain, radio 
antenna ttiat transmits to Earth ^he camera 
pictures and scientific data. Equipment 
and instruments are identified in the 
accompanying diagram.^ 
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A ViKi(lg's*Eye View 



deep gullies, scattered craters, and 
rugged outcrops of* rock— no place to 
■land 'a spacecraft which had only 22 
centimeters (8 V2' inches) of ground 
. clearance. While the photographs : 
were being scanned, the large radio . 
telescopes at Arecibo, Puerto Rico, 
and Goldstone, California, bounced • 
radar waves off Mars, using the radarof 
•reflections to measur^the roughness, 
of the planet's surface in different " ^ 
regions. First one landing site was 
rejected, and^heh another. Fihally, a 
hew site was located, photographed, . ' 
scanned vJith radar,, and found ' ' 
..acceptable, and Viking jl descended 
to a perfect landing in/a level rollTng 
region called the Plains of Chryse* A 
' little niore than^a month later, after a 

similar thorough check o'f a more , 
"north|rn region of Mars, the Viking 2- 
Lander /nade an equally flawless 
landing on the Plains of Utopia. Two 
Landers,.sit on the surface of Mars, . 
while two Orbiters circle overhead, 
photographing the planet and relaying 
. back to Earth the news.of what the 
Lander^ finel. . ' 

The Landers on the surface of Mars . .. 
are far more complex than any . 
automatic spacecraft launchf^d before. 
Even if the Landers had never^ left 
^ Earth, their design and construction .. .. 

vyould still be an impressiye 
' technological achievement. Each 
lanefef looks like a cluttered six-sjded 
wofft>ben'ch with three legs (Figure 2) . 
■ but it contains the equivalent of two 
power station^, two 'computer centers, 1 
a TV studio, a weather-station, an 
earthquake detector, two chemical 
laboratories (one for organic and or^e , 
for inorganic' analyses). ^hree separate ' 
incubators for any Martian life, a scoop 
and backhoe^for digging trerfches and , 
' collecting soil samples, a<nd mj^niature 
railroad .cars .for delivering the sample^ y 
,to the laboratories and incubators. 
Equipment that would normally fill 
.. several buildings hiad been designed - 
in, miniature to fit oh a S[3acecraft less \ 
"lhan.a meters (10 feet) across, 
.Furthermore, to avoid contaminating ^ ' 
. Mars with Earthly bacteria,, the entire ' ■ 



spacecraft was sterilize/d by heating it 
to temperatures above the .boiling v 
point of water. Each Lander.. .and all of 
its. 1 million separate jparts. Iiad to . 
survive a number oficnajor^cwsesr the 
sterilization,i3eating./t|e shock ^nd ' , 
vibrati'on of launch;, ;Wone-year, 400- 
minion mljd trip^hro/u^h interplanetary 
space; the pas^age jhrough Mars' 
atmosphere, and the [and.ing on it^ 
surface. Mo wonder^there were , 
Ji^artfelt cheers from the scientists and 
engineers whep;Viking Vs first pictures 
be'g^n to appear! ' / \ 
• The Landers^.are so well. designed 
th^ it is often possible tolix'tl^em 
•wheQ^things go wrong. When the • 
sarlnpling arm on Vikrng 1 got stuck, a 
carefully^plannecl series^of commands 
frop Earth freed it. and the cameras 
then shovyed that a small pin yvhich 
had caused the trouble had fallen free 
to.the ground. Later, wHen the arm 
stijck ^gain, this time>in an extended 
position, a different series of . 
commands brought it safely back into 
the spacecraft. Each of Uies'e "repairs" 
was a "carefully-planned operation. 
Each set of commands was first tested- 
on a duplicate Vikipg Lander, sitting on 
a simulated Martian surface at .the ; 
NASA Jet Propulsion Laboratory, and 
► the cameras on the real -Viking wer6 
used to check the prepress of the 
"repairs'* at every* stfep. 

With the minoV troubles corrected, ' 
the Landers even. took on new, tasks 
that had not been planned before the 
landing. After digging up samples of 
exposed soil, the Lander's. sampling, 
arm was used to push large rocks^ 
aside and to collect samples of the 
protected soil beneath them (Figure 3). 
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, . . The ?^fe landing of Viking 1 
immediately established on'e basic fact 
about Mars; "the planet's surface is ' > . 
strong enough to support a^heavy 
machine. The Lander resteb firmly on 
a rolling plain strewn with ;ocks; and 
the camefas.on the Landqr began 
almdst immediately to transmit back* to 
Eartp the first views of the Martian 
landscape. — 

■ . Viking's cameras stood a6but-1.6 
meters (5 feet) above the^round? and { 
their view of Mars was much^ like what , 
a person standing in the same place 

■ wDulcj see. The two carfieras could be , 
operated independently to. provide . 

■ panw'amas covering almost a full 

i. clrclQ-around the 'Lander. They could 
.' be ojberated together to procKiee- 
;. stereo pictures from ^vyhich the shape 
" of thjb surrounding ^uFface coul(^.^be 
accurately measured (Figure 4). Most- 
. of the pictures were black-and-white, 
£iut different detectors inside* the 
c^ameras were socnetimes used to 
provide pictures that-reproduced the 
actual hues of the Martian surface. 

■the first |3ictures showed firm soil \ 
ahd :Scattered/rocks imrnediately^ 
beneath the^Lander. As the cameras * 
'lookl^d out^lo the thorizon, tHey 
photographed a_gently rolling red 
• landscape ^lat could almost have 
. been a^'desert scene in the Arrie^ican 
• Southvyest. The reddish gray soil vyas 
-^^"bottfed with rocks of all sizes. The '\ 
. colirs of \he rocks \aried from dark \ 
gray to light gray to Slightly rdddish \ 
. (Figure B). Some rocks showed up in' 
great detail, and many were .filled with 
_ Rubbles. These rocks looked like the 
. lavas^oduced by erupting' gaVrich, ^ 
volcanoes. on E?irth, and scientists 
think that the bedrqck oh which both 
Vikings have landed is made up of ' / 
ancient Martian lava flows. / 
■ The Viking cameras also saw wind-; 
prodused features that.have familiar t 
.counterparts in Earth's deserts. - 
"Although the atmosphere of Mai^is ) 
thin, its winds are still strong enough / 
to blow dust and fine sand across th^' 
surface..There are dunes of light- 'f 
colored sand, and detailed pictures 6i • 
.' the dunes revealed finer ripples withth 
Ihem (Figure 6). There are places ; V 
. where the wind apparently scoured but 
the fine soil, revealing flatTnasses of 
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F/gure'3. "Mr. Badger" Gets a Nudge. 

ControH'&'d by scientists back on Earth, the 
samplindarm on the ^ikihg 2 LSnde^ 
reaches^ put to push aside a large porous ■ 
rock and to collect a sample of the 
protected Martian soil bene'Btfi it. Because 
of its sh^pe, the rocH was iriformdilly . . ' 
christened "Mr. Badger" after a character 
in Kenneth Grahame's book, The Wind in,, 
the Will6ws. Jhe Martian "(Vl/, Badger" is • 
abbuU,25 centimeters (.10 iriches) long and" 
weighs [several pounds. - ' *' 



Flgure j4l Mars to 3-D These two inriages 
of the iame scene, one taken by each 
camen -on the Viking .1 Lander, qan be 
cofpbined, by using a pocket stereo . 
viewerl into^a ^pingle'S-dimensional view 
that snows the rolling] Martian terrain and 
the shapes of the numerous boulders^: . 
(W her}, looking at the images with a stereo . 
vieweL concentrate on a srnall object like 
a rock, .Move the viewer around until thp 
two irnages of the rock come jogether. 
Then you should see the landscape in 3-d,) 
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Figure 5. A Sumtper Day 's Work on 
Mars. Traces of human e)(plora{ion already 

,shQw on ihe red surface of "Mars. Two 
trenche^ dug' by the soil sampling arm of 
the Viking 1 Lander appear as 'short black 

• smudges (left), and the soil near the . 
bottom 'of the picture that appears cracked' 
and pitted was disturbed by the rocket y 
exhaust- blast ai touchdown and by the 
impa Qt 0 f the foot pa ds.Jhe soif sa mplin g 
arm 'and scoop is at right center: arm 

.^(JOwer left) holds a brush for cleaning off 
Xmagnets. Light and dark rocks <:an be ^- ' 
' - seen. 'The dark rock to the right of the 

' trenches is abdut 25 centimeters (10 
inches) across- The apparent horizon is, 
about 100 meters (330 feet) away and 
may be the rim of a small irr^pact crater. 
Boulders 1 and 2 meters (3 ahd & feet) 
across are visiblejajhe distance. 

Figure 6, Early Morning on a^Martian 
Desert. The variety of the f^artian ^rface 
IS captured m this panorama by the Viking . 
_ 1 Land^. The view covers a horizontal 
angle of]about 100 degrees', about one- 
' quarter, of a circle. f\/1artian northeast is at 
the left, souttieast at the right. The newly- 
ns^en Sun is just- above the center of the 
picture. Shape^of the small sand dunes 
(center and left) indicate that the winds 
that formed them blew from upper /e// * 
tQwarctlow^i^ right li^ge boulder (left), 
named "Big Joe." measures 1 by 3 meters 
(3 by 10 feet /and /s only 8 meters (25 
feet) from the Lander. The vertical yvhite 
object (center) is the Viking boom that..^ 
holds the weather-measuring instruments. 
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Figure?. "Caution! viking at Work!" 

More than<a00 million kilometers (200 
million miles) from Earth, an historic and 
exciting expavating 'job produced this tiny 
trench- inJhe^ sur/ace; pf Ma rs . The trench / 
scoopea^ut by the sample collectjng arm ■ 
otthe Viking 1 Lander, is about 8 
centimeters (3 inches) wide. The .shape of ■ 
the trench indicates that the Martian soil Is 
fine-grained and about as cohesive as y^/et 
beach sand oh Earth. *7he steep 
uncqllapsed walls at the far end of the • • 
trench :^nd the- clods of soil piled up at the 
near end shgw how well the Martian soil 
Siticks together, . r j- ^^^y^' 



grayish/bedrock, A? other places. 
.. 'streaks "ot idusl have been deposited * 
pver anci behind boulders. yVhen 

• Viking i UsX landed; some of these 

• piles ol (ed dust were being eroded * 
and blown away by the summer . 
breezes th^t .swirled arbund the ■. 

• Lander; . . v 

Sometimes the Viking cameras 
turned away /rom the landscape to y 
study in detail. the .rriechanical * X 
properties of the ground on which the 
Lander rests. The cam'eras-carefully. 
phot6graphe*d the^streaks. produced in 
the soil by the rocket engines v\ther>' 
Viking landed. Later, as the soil was 
Irenched^'and probed and shaken to 

•collect samples, the carrieras r-ecorded 
the appearance of marks, trenches, 
and clods of soil, on the-surface 
(Figure 7). By studying these pictures, 
scientists back on Earth vyere able to 

, determine that the Martian soil is about 



as firm as good farming soil on Earth. 

'The soil of Mars sticks together in 
about the same^way,too: smaller ' ■• 
particles jclump together into larger 

;,clods. and the walls of shallow 
trenches'remain straight and show 

. little tendency to collapse. 
■ Seen from the. surface, the two 
Viking landing s^es have their 
differences. The Plains of Utopia, 
where Viking 2 landed, are more 
rolling than the Plains of Chryse where 
Viking 1 sits. The Viking, 1 site (Chryse) 
apparently has a larger variety of rock 
types, while the rocks at the^Viking'2 
locality (Utofiia) are more uniform,,,- 
generally vesicular (bubWe-richt and . 
more abundant. TFiere is bedrfifik 
exposed at the Chryse site, and none 
visible at Utopia. 

There are nppled sand dur^es at the 
Chryse locatibn, and none at Utopia. 
The boulders at the Chryse site 
commonly have flat, polished faces. 
apparently produced b\/ wind--t)lown 
sand. . • .. ^..^ 

The Utopia site [Viking 2) shows an^ 
unexplained patteri^ of shallow troughs 
that connect to form polygonal 
patterns. One of these troughs runs 
right past the Vikin j 2 Lander (Figure 8); 



The Winds of lyiar^s 

■• For the ffrsl time" we can now " 
msasure and record the weather on 
another world. .,Unli|<e the airlesS'Moon, 

'Mars "has an- atmosphere,^ wiodsr and 

. weather'patterris. / 

Mars' atmosphere is 'thinner and • 
colder than Earth's, and scientists 
w^re eager to sludy its weathei ' ' 
patterns in the hope of finding general • 
principles that would help us better • • 
understand the weather of. our own 
planet. The Viking cameras^ Ofteri^,, 
looked above the horizon to . " ^ 
photograph the sky, anci a battery of 
instruments recorded winds, . ^ 

barometMC pressure, ^nd the chemical 
composition of the atmosphere of fdars 

' (Rgure 9). ' . ' 

Viking's first view of the sky 
produced a major surprise. Although 

" many scientists had expected that the 
Martian sky would 'be blue like that of 
Earth, the Viking pictures showed 
instead that it has a creamy-pinkish 
»hue (Figure 10). The explanation is 

. that the Martian atmosphere cgntatns a 
great jii^al of fine 'suspended red dust, 



/ 



Figure 8. A Crowd of Martian Rocks, Like 
a throng of curious onlookers, thousands 
ot rogks and boulders surround the Vikir)g 
2 Lahder as it rests on Mars' Plains of 
Utopia. The field of rock and soil extends 
to the horizon about 3 kilometers (2 miles) 
away (The horizon, actually level, ap^e^rs 
tilted because the spacecraftjs resting on 
the surface at a slight angle ''to th'eT 
horizontal.) Mapy of the rocks display 
small pits and- holes that may be bubbles 
formed when the rocks w6re molten lava. 
The rock in the lower right corner is about 
25 centimeters (W inches) across, and the 

■ large rock in the center is about 60 
centimeters (2 feet) long. The small sandy 
trough' that winds across the picture frbni 

■ upper left to lower right is part of -an 
unexplained network ot such'-ehanncls or 
depressions that form strange polygonal . 
surface patterns m the Utopia region 
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Figure 9. ** And Noiv, the Weather for 
Mars/' The first interplanetary weather 
reports come from a small white 
instrument box (upper right) mounted on 
the end of a long boom that holds the box 
about 1.3 meters (4 feet) above the^ ' . 
I^artian surface. The boom holds the box 
out of range of most wind disturbances 
caused by the body of the Viking Lander. 
Instruments in the box measure the" wind . 
velocity, wind direction, ternperature. and 
. atmospheric pressure. In the background 
are sand dunes formed by strong Martian 
winds. The parallel bands in the sky are 
not real: they were produced by the ^ . 
computer processing- of the picture. 

Figure 10, A Red Sky for a Red^lanet, 

The red surface of f^ars lendsH^S^Qlor to 
the f^artian sky^in this view frorr^e Viking 
1 Lander^ Fine red dust from the soil is 
carried into the atmosphere, giving the sky 
a . pinkish hue instead of the blue color 
expected by scientists. Light and dark- , 
boulders are sfrew/3 on the surface in the 
foreground, and light-gray ledges of 
bedifock appear through the soil in the 
rnidsle distance. The horizon, about 100 
metets (330 feet) awBy, may be the rim of 
f an irnbact crater. This color picture was 
madefy combining three separate 
pictur^. each taken through a different 
color filter. The colors were matched by 
comparing similar pictures taken of 
colored objects on the Viking Lander itself. 
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3n the indiv 



. Althougff thei indiVidual dust' particles 
^ afOL^ny, perhaps only 0.001 millimeter 
" . (1(251000 inch) across, there is 
, ' slpparently enough oj Ihis dust in the 
' air to give the whq|&^ky a reddish ttnt. 
V • ; Earth's sky is genieraliy not so dusly. 
Onjy after large volcanic^'|,ruptions or 
sandstorms do'we see a;reddenjng of 

■ terrestrial sunsets that' produces 
something like the color of the Martian 
sky. 

• The sky of Mars^grew even dustier 
several months after the Vikings 
landed, and the spacecraft carefully 
recorded the change. 

Astronomers have known for years 
that huge dust'storms often come 
swirling out of the southern part of 
.Mars, covering the whole planet and 
shutting off the surface from the view 
'■\ of Earth-based telescopes. Such a 
st(5rrT>^rouded Mars in 1971 as 
•Mariner 9 arrived in orbit, and the 
spacecraft washable to provide a 
phptographic record of - the 'Storm's ■ 
subsidence and the gradbal , 
appearance of the Martian surface 
> through th^ clouds of dast. These dusr 
storms usually develop. as Mars 
reaches the point in its orbit that is 
closest to the Sun, and in the Spring, of 
1977, these clouds arose again and'' 
spread oveMhe Martian surface. High 
above the slorrTis, the Viking Orblter 
cameras photographed the shapes of 
the dust clouds. and followed their 
progress. With these data, scienlists ■ 
are learning more about Martian winds 
and about the nature of the dust that 
they carry. 

•After Viking landed, the Martian 

■ weather was clear, cold, uniform, and 
repetitious. The weather report, 
recorded by the Viking instruments 



and b'roadcast to Earth on the first 
day, remained almost unchanged from 
day to day; 

"Ughf winds from. the East in the late 
afternoon, changing to light winds from 
the Southeast aftQr midnight. Maximum 
winds were l^hriiles per hour..' "* '■ . 
..Temperature ranged from min^js 122° 
.Fahrenheit just after dawn to minus 22° 
Fahrenheit in midafternoon. 
Atmospheric pressure 7.70 millibars." 

(On Eafth the same day, July 21. 
1976. the lowest temperature recorded 
was minus 100 degrees Fahrenheit at 
the Soviet Vostok Research Station in > 
the Antarctic, and the highest ■ . 
temperature was plus 117° F at 
Tirnimoun, Algeria. The United States 
recorded a high of 109° F. at Needles,' 
California and a low of -^37° p. at Point 
Barrow.' Alaska.) 

Some of the similarities between 
Mars' weather and Earth's were 
surprising, because the atmosphere 
of Mars is less than a hundredth as 
dense as Earth's. Nevertheless, on 
both planets,' the atmospheric 
temperature reached its peak at about 
3 P.M. local time. The daily . v 
temperature variatioris recorded by 
Viking showed the same pattern as 
records from.a terrestrial desert 
''control" site at China Lake, California, 
although the temperatures in the two 
places differed by more than 83° C. 
(150° F.).' Furthermore, the changing 
patterns of wind direction over the flat 
Plains of Chryse on Mars were 
duplicated by the -winds blowing over 
the equally flat Great Plains of the 
midwestern United States. 
■■ Martian weather includes two other 
features familiar to terrestrial weather 
watchers-clouds and fog. The air of ■ 
Mars contains only about 1/1000 a^ 
much water^as Earth's atrposphere. 
but even this small amount can 
condense out. forming clouds that ride. 



■ higfi In th'e atmospTiere or swirl around 
the high slopes of Martian volcanoes 
(Figure 11)! In small valleys,. ■ / 
atmospheric water freezes out during 
'the ^Martian night and then vaporizes 
again when the sun rises, forming 
y local patches of white fog thalA/anish 
quickly in the relative warmtj/of the 
Martian day (Rgure 12). 

Totally unlike the Earthy" however, 
was the steady decline4n atmospheric . 
pressure recorded by^the Viking 
instruments During4he .Lander's first 
month on Mars/ the atmospheric - 
pressure dropffea by about 5 percent, 
(bn Earth, such a large drop in .' 
pressure/is Visually found only in the 
eye of a mafjor hurricane.) Scientists 
think that /trie carbon dioxide (COjj) 
which niakes up most of Mars' ■ 
atnhosc^iere wa^ freezing out as solid 
COajfor '-'dry ice") on the cold southern 
polar cap, . which was then in the 
'rnjadle of the Martian winter. The .' 
^king landers thus seem able, from - 
vo points on the surface, to detect 
the slow growth of .an entire polar cap 
thousands of kilometers away, a feat 
that.would be innpossible in the 
complete water-rich atmosphere of 
Earth. ■ , 

While one group of scientists 
followed the changes in Mars' weather, 
an entirely, different group was busy 
analyzing the chemical composition of 
the atmosphere itself, the gases in a 
planet's atmosphere can come from 
many different sources. Some gases 
may have been trapped from the 
original solar nebula when the planet 
formed.. Others may have been 
released by heat and chemical 
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Figure 11, 19ngttlan Volcanq^owen 
AbpvB the Cloudi. In this Viking I 'Orbiter 
photograph 'taken from 8,000 kilometers 
"(5,000 rni'les) away^ clouds cover the lower 
Uppes of Mars' largest volcano, Olynopus ■ 
Mons {MountnOlympus), making it look tike 
a satellite picture of a terrestrial hurricarie..- 
The huge rnass of the volcano is 600 
kilorriQters (375 'miles) across, and the ■ 
cliffs that mark its edge^can be seen in the 
upper right corner. The summit-stands 24 
kilometers (15 miles) above the Martian 
surface, and the summit crater, visible 
above the clouds, is 80 kilometers (50 ■ 
miles) adross The clouds in the upper left- 
show a striking pattern of waves and 
ripples. Nearpy dark circle is a 
photographic flaw, , . , ^ 
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reactions d^p inside the (slanel Still 
othefs may.be.produced by the 
transformation' (dec^) of racfioactive 
elertien\s in the planet's rocKs. The » 
chemistry of an atmosphere thus 

■ provides unique .iriformation about a ■* 
planet's origin, its history, and the 
cheniical composition of its rocks. 

Ea'rth's atmosphere is' compos'ed 
^ almost eh.tirely.of two gases, nitrogen 
and oxygen. Scientists believe tha^he 
•nitrogen (78 percent of our 
atmospherQ) came out of the interior of 
the Earth billions of years ago, while 
the oxygen (21 percent) has been . 
prpduced' gradually by the plant life 
that has existed for billions of years. A 
amall amount of the ine[1 gas argon 
•«0.9 perc'ent) has. been formed by the , 
raecay ot radioactive potassium atoms 
in the Earth's crust. . » ' 
' . The qomposition of the Riartian 
atmosph^ was measured in two ^ 
plades— at high altitudes as the 
Lander despended, and on the 
surface. The composition was th^ 
same in both. places, showing that the 
Martiarv winds keep the atmosphere as 
welt-mixed as Earth's. 
^ -The .pressure of ^ars' atmosphere is 
onl^ aboyt 1/125 that of Earth's and its 
chemical compositiori is totally 
different. Most of Mars ' atmosphere, 

■ (95 percent) is carbon dioxide, a gas 
which makes'up only 0.03 percent of 




Earth's atmospl^ere. The remainder is 
/litrogen ■ (2^3 fyercent)* oxygen (0.1-0.4 
' percent)/ Vnd /argon (1-2 percent). The' 
discovery of nitrogen was exciting • ' . 
because thi^ elerinent is an essential 
cofflponent/bf the, protein molecules 
which form living things. The small 
/.amount o/free oxygen is Surprising, 
. but-this element can be, formed in .• 
many ways, arid its presence does not 
prove ^at there is or has been plant 
life oh/ Mars. 

More' precise analyses have *" 
detected traces of the r^re inert gases 
kryp(ton and xenon in the Martian air. 
These two gases make up only about 

■ 1 part per million of the Earth's ,. ' 
ayrriosphere. and scientists have not 
yet been able to measure precisely the 

yfiny amounts present in the air of Mars. 

/ \/iking instruments also measured 

/ the ratios of different isotopes in)he 
/ ' Martian atmosphere. (Isotopes are two 
./.atoms oQhe same chemical-element 
that have differeht atomic weights, for. 
example uranium.\235 and'ur-anium- . . 
238.) Isotope ratios of 'elements in the • 
atmospheres and rocks of other 
planets are important because they 
prdvide information that cannot be . 
' ■ obtained from chemical analyses 
» alone. Isotope measurements can 
indicate the temperature at. which • 
'-rocks (errmed; if two different planets- ■ 

■ hav^similar isotope ratios, then, they 
rp^y have formed from the feame part 

yo\ the original solar nebula. , . 
The isotope ratios measured by the 
Viking Lander show that the ■ 
atmosphere of Mars is more Earthlike 



Figure 12. Foggy*^rning in a Martian . 
Valley, White f^{6hes of early-morning fog ■■ 
and mist filp^ rugged network of Martian 
canyona^nd spill out'onto the surrounding , 
Nghfrustrcolored plateau. The douds are . 

'^obabfy formed by water vapor that has 
frozen outypf the . air during the previous 
Iranian night. In the sunlight, the water 
vaporizes^gain, becoming briefly visible 
as mist before being absorbed into the dry 
atmosphere. This pari of ^ars. called 
LabyrinthUs Noctis (Th6 Labyrinth of the 

■ Night}>was photographed at dawn byiiic 
Viking ) Orpiter; the view covers an area 
about 100 kilometers (62 miles) on a side. 
The color picture was made by 
superimposing three separate black-and- 
white images taken through color, filters.' 



than the chemical composition aloWe . 
would suggest. The ratio of heavy to 
light carbon atoms (carbon-13 to 
carbon'-12) is l/B^Tand the ratio of ' 
heavy to light oxygen atoms (oxygen- 
18 to oxygen- 16) is 1/500. Ihese 
values are identical -to those measured 
in our own_ato^osphere, fHbwever, the - 
element nitrogen is different The ratio 
of* heavy tg light nitrogen (nitrogen-15 
to nitrogen-14) is 1/156 on Mars, while- . 
the value on Earth is 1/271. 

The carbon and oxygen ratios 
demonstrate a basic sirrillarlty between 
Mars and Earth, despite the chemical 
differences in their atmospheres. One 
explanation is that both Mars and 
Earth formed from similar parts of the • 
solar nebula which had the same 
jotope ratios. 

• However, the isotope ratios of 
nitVogen provide evidence for different 
histories of this element on the two 
planets. If'the^originalhitrogen ratio on 
Mars had been the same as on the 
Earth, then the light atom^nitrogen-14) 
must have gradually escaped frorfi the 
atmosphere of Mars, possibly because 
Mars' gravity is not as strong as 
Earth's. ' ' • . » 

From these atmospheric data,' " . 
■scientists have calculated tha^ the 
ancient- atmosphere of Mars, before 
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the nitrogMi was lost, might have been 
four or five times ais dense^as it is 
now. Viis early atrViosphere also niight 
have contained enough water to form 
.a layer several meters deep Qver the 
,whole.surtace*of the planet. Here was . 
another irjidication that the winding 
chanrielsjon Mars actually had been 
. carved by water, although-lhe . ^ 
'atmilispheric analyses could not tell us 
where this w;ater had vanished. 



The Chemistry of Mars 

"Whil^ the atmosphere of- Mars was 

. giving up its secrets, other scientists 
with 'other instruments began to test 

■ the solid matter of the planet, to See 
whatj:ould be deciphered from the 

-rocks and windblown dust around the 

. .spacecraft. ^ ' ' ' 

. On tfie eighth day of Viking Vs 
residence bn Mars, a long arm 
reached out from the spacecraft, and 
a small scoog^at the end of the arm 
began to dig a small trench in the 

•loose soil" about two meters away >from 

X where the Lander stood (Figure 7). 
Continually guided by a computer 
aboard the Lander, the arira carefully 

. pushed the scoop throug/ythe trench 
■ and then retreated slowly oack to the 
Lander, bringing with it the firsl'^ample 
of Martian soil evet to be analyzed. 

' Within the Lander, the soil saitipie vC(,as 
sieved automatically, divided, arid sent 
on its way .for several different .>inds of 

..analysis, , 

One test of the soil did not require a 
chemical laboratory, Several magnets 
were mounted on. the scoop, ^nd 
another magnet h&d been placed on 
the outside of the Lander. These 
magnets trapped 3nd held magnetic V 
particles in the^soil and windblown . 
dust. By sirYiply examining these 
magnets^with the Viking cameras now . 
and then, the amount of magnetic 

. material in the Martian soil could be 
measured. Early results, suggest that 
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■ about 5 per cent of the soil is \ 

■ rnagnetic material and that it is an irorl 
, oxide like magnetite (Fe.-^OJ, the 

; mineral that forms terrestrial 
. lodestones. This result rhakes Mars 
, seefn rather Earthlike; the lunar soil, by 
. .contrast, has only about. 1 per cent of ' 
magnetic material, and it is all metallic 
iron. ^ ... 
More precise measurements of the ■ 
. soil were made with an instrument that 
bombarded a soil sample with X-rays ■ 
and then measured thfe Sjecondary X- 
rays given off by the atoms in the 
Martian soil. .•■ 
The composition of the Martian s6il, 
as determined by the borribardment 
expecjnrient, is approximately the same, 
at botPT^Ianding. sites., even though the 
two .sites are about 5000 kilometers 

■ (3100 rriijes) apart. 

The chemical elements detected, .. 

*and their amounts (in weight percent) 
are: silicon (Si) 21, iron (Fe) 13, 
aluminum (Ai)'Q, magnesium (Mg) 5, 
calcium (Ca).4, sulfur. (S) 3, chlorine 
(CI) 0.7, titanium (Ti) 0.5. and ■ 
potassium (K) less than 0.25. 
Scientists calcij.late that, to balance' 
these elements, oxygen (0) makes up - 
another 42 per cent of the soil, leaviFig 
about 8 percent. made up of elements ' 
(e.g.. sodium, hydroger*t) that cannot 
be-djetected by this method. 
' This composition corresponds 
approxirriately to that pf a terrestrial or 
lunar basalt lava, but there are some 
. striking cfilferences. The. Martian soil 

• contains less aluminum than a . ■ 

■ terrestrial basalt andilessMitanium than 
a lunar basalt. ^ ; 

The unusuaJly large ampunNof ii;p'n • 
detected, confirms the long-held theory 
that the red dust 'of Mars is a red iron * 
oxide similar to terrestrial .rust. The red 
color and the small amount (about 5 ^ 
per (jent) of, rpagnetic material SAjggest 
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Figure 13» The Ancient Crust of Mars, 

Mars shows a battered and heavily- 
cratered Moon-like surface in' this picture 
taken from the Viking 1 Or biter from • 
18,000 kilometers (11.200 miles) away. 
The, flat circular plain at top left is Argyre, 
a large impact basin about 800 kilometers 
(500 miles) in diameter and located in the 
southern part of Msirs. This. bjasin, 
surrounded by a rugged raffle of 
mountains, may have beQ'n,fOr{ned by a 
huge meteorite impact b^llich^^ of years 
ago. Smaller, younger craters cover the 
Martian surface outside tj^^asin. The air 
is clear and cloudless 0'i^(,J\rgyre, but the 
brightness of the distant Martian horizon 
(top right) suggests' thj^t clouds are 
present there. The parSllei white st/eqks , 
a bove the horizon a^i^ alsojoloud liayers , 
pethaps Qorrjposed of frozen COi these 
clouds are about 25 to 30 liilometers (15 
to 20^ miles) above the surface of Mars. 

Figure 14» A View Down a Volcano's 
Throatf From 6,000 kilometers (3,700 
miles) up,' the cameras ^of the Viking 1 
Orbiter provicje a vertical view of Arsia 
Mons, one of Mars' largest volcanoes. The ' 
volcano reaches about 19 kilometers (12 * 
miles) abov^e the surrounding Marti^fl^ ! 
terrain, more tt)an twice as high as Earth'si 
Mount Everest, the crcular central area in 
its summit is about 120 kilometers (75 
miles) across. Around this, summit crater, 
the slopes of the volcano are covered with 
y lava flows that produce distinctive braidep 
\ patterns seen clearly at the bottom of the 
picture. At left\and right,' snhall craters arid 
canyons cut into the main cone of the 
volcano; these features may be the 
sources of vast amounts of lava that ■ 
spilled out to flood the surrounding plains. 



that the iron must be present in two or * 
nriore distinct minerals/ only, one of • 
which. Ig^rnagnetic. ' , ' ^ 
■ .The cbemic^Lanalyses indicate that ' 

• j^the Martian soil cannot be ma(;Je of » ' 

• fresh, tpasalt lava. alone. The presence , • 

; .'.of water .(perhiaif)S\as much ;a$1^ per ' ^ 
cent) 'ip the soil, the large amourit of . ' 
iron, and" the unusually large amount of ■ 
sulfur, all indicate that the soil is ^. 
' mixture of origfinal. basalt lava with 

• other compounds that have fbrnied'as 

• the rock has been changed or. 

. "weathered" by contact with, the- , ; 

■ atrposphere of Mars. The soil could b^ : 
a*mi)^ture of iron^rich clay minerals aVid . 

. other compounds §uc;h as iron * _ \ 
hydroxide; and magnesium sulfate. 
- The soil of Mars is mucti more • • : 
similar to Earth's soil than t0 the. soil o( 
the. Moon: The lunar soil, as'we have 
learned from the samples returned by 
the Apollo missions, is waterless, 
unweathered,' and formed by the,, 
eontinuous bombardment of large and 
'srriall meteorites.^Martiaa.soil seems 
almost terrestrial, it .^ontaifis water, it 

V seems to .be weajhered, and it is 

, continually blown about and 

redistributed by. the Wind. v . 



Three Chances for Life < 

I A major goal of the Viking missions. " " 
' was to determine whether the soil of^ 
Mars was dead like the soil o? the 
Moon* or, teeming. with microscopic life 
like the soils of Earth.' Soil samples 
brought into the Lander were divided 
and sent to three separate biological 
laboratories to be tested in different ' 
ways for the presence of life, 

Searching for life on Mars raises a ; ., 
ba^ip problem, best summed up as; 
\How do you look for life if you don't 



know wfnat.1ife looks,Jike?"lt was* not 
'possible to build, oh- one small 
.spacecraft, enough instruments to,, 
detect all the. possible forms of life that ' 
■scientists could imagine tb exist on 
*Mars. Before buildihg th^ instruments.- . 
lhe,'^?cienlis]s had.to make^soitie' 
decisions .about what the instruments 
should look lor. .. ■ • 
' The Vi.king experiments were. . > 
designed, a'found two assumptioris?^^ ■ 
First, il was assumed that Martian life^^ 
would be like Earth life, which" is based 
on the element^ oarbon 'and .thrives by 
transforming carbon co.mpo'unds. ■ 
Second, the example of Earth shows', 
that where there are largo, liie forms* ' , 
(like human, beings* ax^- elephants), 
ihe^re are. also small ones (like 
bac.tena). and that:the small ones are 
far- more aoundant. vyith tjiousands or 
millions of them in every gram of soil. 
To have the best pos'sible. chance. of ■ 
detecjjnig life, an instruhnenl should 
look for the most 'abundant kind of- life. ' 
If a Martian v^ersion of Viktng^ were sent 
to Earth to look for life, it might' easi.ly 
land in a place where there wer,e 
neitfier elephants Tior humans, but it 
would be very unlikely to land in a . 
place where there were no bacteria in , 
the soil. ' . ■ 

The Viking instruments were 
designed, therefore, to detect Carbon- 
based Martian microbes or similar 
Creatures living ipi the soil, fhe three 
laboratories in ^ch Lander were ■ 
essentially incubafers, designed to 
warm and nourisf:]^ny life, living or 
dormant, in the Ma4tiansoihand to 
detect, with sensitiv/^ instruments the 
chemical products of the organisms' 
activity. . ^; 

One characteristic of terrestrial - :.. 
organisms such ^s plant's is that they 
trar}sform;^^r^on dici'xide (CO-J in the 
surrounding air into the organic 
compounds which make up their roots, 
branches, and leaves. Accordingly, 
one Viking biological experiment, 'l 
designated carbon assimilation (or ] 
pyrolytic release) added radioactive 



CO2 to ttie confined atmosphere 
above tiae soil' sample. The sample 
-was then illuminated with simulated 

v-,Marti^n sunlight If any-Martian life- 

^forms converted the CO2 into organic 
.' compounds, the .compounds could be 

^ detected by their«fadioac^ivity, .'^i'. 
. . Living terrestrial organisms give off* 
gases" Plants give off oxygen, animals 
give off -carbon dioxide, and both . 
exhale \A/ater. A jecond, experiment on 

' each Lender, the gas exchange 

. experiment was designed to detect • 
this^kind«of ajctivity^ Nutrients apd* ^ " 
wa'ter.were a'dded to the' soil, and the 
chemical composition* of the gas . • 

..above the-.soil was continuously 
■ . .analyzed, for changes that might \ 
■i.ndicat'e biological activity. 

A third experiment on each Lander 
was based on the fact that terrestrial 
animals.X.including humans) consume 
' orgarVic. compounds and give off ' 
carbon dioxide. The /abe/ecf re/ease y\ 
experiment added, a variety .of radio-'/- ' 
activ<i^utrients to the soiL then waited 
to see'if any radioactive CO * (derived. 

■ from consumption of this "food^') would" 
be. given off.. 

' Several soil samples were 
processed by all three instruments on 
each Lander; The results? Puzzling. 
There is definitely some form of activity 
in the Martian soil.'but jt is not yet 
clear whether this ^activity is caused by 
■ Martian life or by some unusual • 
. chemical chairactecistic of the soil 
itself. 

Vikinci has given us some chemical 
informatiorl about the k/lartian soil, but 
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Figure 15, LandsUdesJ^ill Martian 
"GranttCanyon", Thi^ViHing 1- Orbfler -V 
pfcfure, taken frocp a range of 2,000- 
.kilometers (1,240^miles) shows a snwij^ . 
segment 'ol the Valles lAarineris ("Manner 

■ Valley"}, a 'huge gash .that.runs east-west 
•*'tor;a/mosr5:G^/rf/on7efers^f3;6 — - 
■xakhg thei equatorial region of Majs. _ This ' . 
■'part of the^canyon is more than 50 . 
.' 'kilomeTers (30milp$) acrdss^^^^^ 2- a 

■ kilometers (-1.3 miles), deep. The aprons'of - 
debris on thQ canyon floor show how the 
canypn widens as its walls collapse and 
.produce irhrpense landslides. The large 

. apron in the cjenter has overriddenJ^nd 
' partly capered an older landslide def^QSit 
•to the left: The lines injhe deposits 
indicate the direction in which^ the - . 

■ material fipwed after breaking away frorn ** 
. the canyop- waifs. WhUe streaks in the 

middle of the canyon are. features ; . , " 
;* produced by winds blowing along the ' 
length of the canyon. Upper waifs of the 
canyon provide a Cfoss/S^ction^l view 
through the different rock layers that cover 
this part of Mars; hard^ resistant rocks 
(lava flows) at the top dVerlie less durable 
rubble (wind-bftiwn dust or volcanic ash) 
below. Dark circle near ^center is ' . . 
photographic flaw. ' 

■ Figure 16. This Vanished Rivers of Mars. 

Cameras in the Viking, 1 Orbiter 
photographed thk rrfai&'of wandering . 
channels that cut across the terrain west 
of the Viking 1 landing site. The surface 
slopes downward, ^dropping about 3 
kilometers (2 miles) in elevation from left to . 
right. Flood waters once poured across 
this region fromjeft to right, cutting 
through a high ridge (right) jlo pour. out into ' 
the plains to the east. Older craters -were 
cut, filled, and eroded by this flood. 
Younger craters , formed after the flood, , : 
show sharp outlines. The fate of these 
torrents .is unknown: the water *may now be 
frozen^ as ice in the polar caps or as 
permafrost in the Martian soil. Rows of 
dark circles are photographic flaws. 
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wpViH do not know, enough about its, , 
nature fo predict wh^t reactipns will; , 
: occur when water'and nutrients are ' ' 
added to it iii Viking's biological 
Jaboratories. The Martian soil may 
; contairi_rTiany unusual and unexpected 
chemicals; pbssfely forrned by the ■ 7 
repeated blasts of ultraviolet radiation, 
-frorn the Sun that penetrate the thin ,. ' 
atrfiosjDhere of Mars and blanket the 
;surface of the planet/Earth's soils are 
hot affected in this way, because the 
Sun's ultraviolet light is absorbied by ; 
• our denser atmosphere, and the 
c/iemistry of Martian soil could very 
well be unpredictably different from 
the. soils of our own planet. Even If 
Martian soil is completely lifeless. It is 
' possible that some reactions with the 
added water and nutrients are ' * 
imitating biologic^f'activity. ' 

Because of 'these uncertainties, 
scientists are being cautious in^their 
interpretations of the* biological ^ 
experiments, even though many of the 
- results resemble those frorri tests 
made on tefrestj'ial soils rich in living 
organisms. ,f " ■ ^ 

The carbon assimilation experiment 
showed that a small amount of CO 2 
had been converted into carbon 
■compounds, but this conversion could 
have been accomplished by some 
reducing agent in the soil/ such' as 
: metallic iron.' ' „■ 

In the gas exchange experiment, 
both oxyger^-and CO2 were given off* 
when watei'.;vy;a;^ added to the soli". 
However/ thjsi'sfe.' reactions could have 
been caus.^d!'fey,the decomposition of 



\Qxy*gen-;and carbdn-rich materials that 
originally hacT b^en produced. in the 
soil by-'^ultratviolet light; " * . 

Finally, the labeled r^lea^e • 
experlnnent showed a.rapld!release of 
radioactive (^0 > that at first seemed to' 
be .caused by biological activity. But 
the release quicklf. slowed down. ■ 
suggesting -that some..chemic.al.in the;...;, 
soil was beipg- rapidly used up. 
whereas a biol'dgical reaction. should, 
^ve .continued as-the organisms grew 
■and nnultiplied. 

One problerti with a biological ■ 
•'irrtferpretation of these reactions is that . 
analyses of Martian soil by another 
Viking instrument have det^^cted none 
of th'e organic' carbon molecules that .". 
make-tip living th|ings. It IS hard to. 
understand how these chemical ■ 
reactions could be caused by Earthlike 
microbes that leave'no other trace, ^ 
living or dead, in the Martian soil.. 

At the moment, we know that there 
are reactive .ingredients in the soil of 
Mars, but It will take rriore experiments 
■ and more examination of the Viking 
data before we knovy just what they 
are. As this work goes on, the 
separate Viking experiments- support 
and reinforce each other, each one 
providing data to help interpret- the 
results of another. The chemical 
'analyses of the soil, -jnade by X-ray 
methods, are used tb^help interpret the 
puzfting results of the biological 
exper'HE^ents. The instrument that has 
looked in^yaln for organic. carbon 
molecules''h^'also,.i7i,e^sured the 
amount of suchinoPganic gases as 
water and sulfup dioxideln the soil. 
When these data-kre^cpmbined and 
evaluated, we, may have sqme*more 



de'tinitQ. angers about the .chemicals, 
the^ minerals, arid, perhaps, any life 
forms, in the red. soil of Mars. 



From Mar? to Einstein 

Late In November,;.1 976. Mars' 

-passed behind th^'^un, . and ~ - i 

comrriunicailbns between .Earth arid . 
' Viking were cut off until mid- . " - : . 
December, when Mars appeared cJn . 
the other side of the Sun. As Mars 
..passed behind the Sun, the Viking 
. spacecraft carried out a nhajor , ' 
exiDeririri^t td.^study, not Mars," but .the- 
bas.ic nature of the* universe Itself! 
. The spacecraft signals from Mars 
made it possible for scientists on Earth 
10 carry out the most accurate test '• 
ever performed of Einstein's Theory of 
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Figure 17, Islands in the Stream The 

raised rims of these Martian craters seem 
to have acted as barriers to floods of 
wafer that poured across the surface of.. 
Mars in the past. The upstream (lower left), 
sides of alljhe craters seem eroded, -with 

. streamlined islands left on the downstream ■ 
(upper right) side^ A curiou$lY shaped' i , 
ejecta deposits preserved-' arcxund the .* * 
uppermost crater may have been above 
the level of thQ floods. This spectacular • ' 
scenery,' photographed by the' Viking 1 

i Orbiter from 1600 kilometejs'pOOO miles) 
above Mars, is located ne^r\the Viking 1 • \ 
landing site on the' Plains of Chrysh, (Small • 
darH rings in the picture w&re caused by a 
flaw in the camera.) ' 

Figure 18, The Source of the Flood? This 
strange Martian valley, ^more than 50 
kilometers across, shows a striking change 
from a chaotic, hilly floor at its head (right) ■ 
to a narrower and more streamlined shape 
- (left). One explanation is that wdtier, frozen 
below the' Martian surface, suddenly 
melted and ran out, causing the ground 'to 
5: collapse arid prqducing a short-lived 

torrent that eroded the downstream part of ■ 
. the valley. Such "collapsed terraih" is 
■ common in this pa(t. of Mars: numerous ■ ' 
large and small impact craters can also be 
[seen. A smaller valley, possibly produced . ' 
\by a smalier flood, is visif:>le near the large ^''^ 
impact crater' at the top of the picture. This /. 
picture was taken iby the Viking 1 Orbiter / ' 
from a distance of 230Q'kilometers (1900 /\ 
rriiles). (The small dark rings iri the picture * 
are caused by a flaw in the camera.) / 
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■ General .Relativity. The theory, whflch . 
explains 'gravitation and the 
relationships t:ietween space and time, 
predicts that light waves (or. radio 
wav^s) will be slowed down as they 

. pass close to a large and massive 
object like jhASun. Precise 
rrteasurement of the delay in radio 
transnnission from the Viking 

■ spacecraft as Mars' went behind the ' 

. Sun would test whether the Gerieral 
Relativity Theory Was correct or * 
whefher' sorhe competing theory was a 
better explanation of how our universe -i 

. works. 

■.' On the day of the experiment. . 
November 25.- 1976. Mars v^s about 
:.32.1 million ^kilometers (200 milli-on 
miles) from' Earth, and the radio 
signals took about 42 minutes to make 
the rouhd-irip. But the timing and 

, signalling devices Used in Vtking 
cojfnmunications are so accurate that 
'the transmission lime could be . 
measured to one ten-millionth 

. (0.0000001) of ^second. With such ■ 
accuracy*, it was not gfllficult to 
determine that the radio signals from ■ 

. Mars had been delayed by a full two 
ten-thousandths "(0.0002) of a 
second— exactly (the delay predicted 
by the Jtieory of Beneral Relativity. " 

This Viking rel^iivily experinient was 
also the most'accurate measurement 
of distance ever made: the 321 -million- 
kilometer Earthi-Mars distance was ^ 
determined with.an accuracy of about 
1.5 meters (5 feet)!" f 



latNext? 

Although most of the Viking 
•excitement was concentrated in the 
.first jew months after -the landings, itjs^ 
likely that the Viking Orbiters and * ' 



Lapders will operate for a year or two. * 
-sending back photographs and other ^ 
informatibh from Mars. Each" Lander . 
has a long-lived nuciear power source, 
and eacb Orbiter gets electricity from ' . 
large solar cell arrays backed up by 

. .I.W9 njckel-cadmiura .batteries. . 

■ Scientists are eager to use the' - 
' Lander instrurhents to follow the 
"weather patterns af Ch'ryse and Utopia 
through the Martian fall and Vvinter^. • 
and into the spring when the time of • 
planet-wide dust storrriis is thQughUo^ 
' begin. A complete vyeather record o.f . 7 
the Mgrtian yeaCwhich is two E^rth-;; 
years I'ong. would be a unique . ' ' 
docum'^t that could lead to better- .. 
understanding the weather and climate 
on Eart6 and .other \yorl,ds.- 
, Geoldgisfs are also eager for a long 
period of Viking data. The Viking * 
Landers carry seismometers to detect^ 
"'Marsquakes!' so that scientists can 
.deternriine whether Mars is active like, 
the Earth or dead and quiet. like the 
Moon. Unfortunately, the instrument on 
Vikjng 1 did not operate. : - • 
Since Viking 2 landed in September. 
■1976, its serjsitive seismomeler/h'as 
been steadily recording the tiny 
vibrations caused by the wind and the 
mechanical devices on the spacecraft. 

A distirictive "event" iri early 
November, -1976, may have been a 
quake with a Richter magnitude of 6.4, 
fully as large as the major Sari 
Fernando earthquake that struck the 
Los Angeleg area in 1971. 
' 'Overhead, the two Orbiters continue " 
to take-pictures of the surface of Mars 
■ and to measure the amount of water 
vapor in ihe Martian air and the V 
temper^tures'-of the Martian surface. 

Even before the Landers touched . 
down, the Orbiters had provided new 
high-rQsolution photographs of the 
major features of Mgrs: circular basins 
, 3nd mountains (Figure 13). huge 
volcanoes (Figure 14). great canyons' 
arid landslides (Figure^lS). mazes of . » 



V 



25 



F/gure t9. Sp/a.t? Ihe crater Yuty, 18 ' 
kilometers (11 miles) in diameter, looks 
entirely different from the nurnerous craters 
that cover the Moon and- Mercury. The 
high central peak inside this crater, and 
the scalloped blanket of ejected material 
around it. make , Yuty look lik^ a large-scale, 
version of a crater formed by throwing a 
pebble into thick mud: Orie possible 
explanation for this resemblance is that 
•large quantities of frozen water beneath 
the Martiari surface were instantaneously 
melted by frtfe heat produced by >a larjge 
meteorite impact. As a result, huge "tnud 
avalanches," made of wat^r and broken 
rock, poured out of.4he crater to form the* . 
' curiously-shaped blanket around it. This 
view was taken by the Viking T Orbiter . 
from a range of 1877. kilometers (1165 . 
miles) '. (Yuty is named for a village icC j 
Honduras.) 

Figure 20, Cracks ir^. thio Martian Crust? 

This part of Mars, west of the Argyre 
Basin, ^ /s cut by numerous parallel ' t 
fractures (faults) thai run for hundred's of / 

^kilometers through' circula} craters and flat 
plafns alike. The dominant set of fractures 

■ (tpp left) runs' from lower left to upper \ 
right, but other fractures run in other 
directions (seo lower right).. The fractures 

* may be the surface effects of slow ' -'^ 
movements in the interior. of the planet. 
The small fan-shaped channels (top 
center) way ha^e beer). cut by running 
water at some time in the past. The light- 
colored region (top right) is part of a frost 
deposjt associated with Mars' south polar . 
cap. 
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winding. vyater-Qut c^iannels (Figures ^ 
16, 17. ^nd 18). and craters with . 

* curiously scalloped deposits around <■ 
therTX(Figure. 19). Large areas of Mars 
are covered with strange .patterns of 

•• fractares and joints in the bedrock 
(figure 20), and with ungxpilained 
polygonal nnarkings that resemble ."on 

. a large scale,, the permafrost or 
"patterned ground" of Earth's Arctic 
regions.^ . 

On September 30, 1976. the orbit of 
the Viking 2 Orbiter was shifted so that 
the spacecraft ct)uld swing over the 
polar regions of Mars, This maneuver 
made it possible to study in detail the 
mysteripus white polar caps lhat -were 
one of the first features of Mars to be. 
Seen through Earth-based telescopes. 

The Orbifer found that the arriounl of 
water in the atmosphere varies greatly, 
it is almost .zero near, the south (winter) 
polar cap., then increases dtcimatic^lly 

* ,as one moves ncrtlh ward into the ' 
' northern "(sunnmer) hemisphere of 

Mars. Over the nortK polar cap itself, 
the; atriiospheric water content 
decree^ses and. the instruments 
indicate that .the surface temperatures 

* are about -6.0^ Q, ( -^96° F ). . 

Cold as lhese temperatures are. 
' they afe*aboye the-freezing point of 
■ CO-i in the Martian atmosphere, and 
. scientists are now sure that the 

* permanent polar caps on Mars are 
made ol water ice instead of frozen - 
CO'ii ("dry ice-').. The polar caps thus ^' 
con^taln.a large* reservoir of the watec* 

r that. may- have cut the channfels'on 
. .'M3rs in an^a'ncient and warmer time. 

* . : The Cover of. ice, is not .contiriuous. 
and Une ridrtherri polar cap. is cut by;. - * 
sleep-sided. Ic'e tree valfleys (FiguVe ' 
21 ). • High^ma'gnififetion pictures bf .the 
valley walls (FlQu'fe' 22) revealed to ^ * 

. surprised sqientists that the ''bedrock*' 
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beneath the polar ice is composed of 
layer upor^ layer of what may be 
windblown dust. Here under the polar , 
cap may' be preserved the records of . 
the changlng'Climates of Mars during- 
thousand^ Of millions of years in the 
past. Some individual layers, as much - 
as 50 meters thick and covering 
hundreds of square kilomefers, nriay* 
have been deposited by huge 

'sandstorms far more violent than any 
observed on Mars today. 
■ When the Orbilers finish thefr tas'k» 
mucli^of^Mars will be photographed, 
mapped* and studiedjn great detail. 

^and future missions to Mars will be 
planned with better maps than many 
terrestrial explorers h^e had.'- 
; The- Vikings also explored other 
worlds near Mars. In February. 1977, 
the Viking 1 Orbiter made two close 
approaches to Phoftos. one of the two 
nrloons that circle Mars. From as 
close as 120 kilorrieters (75 miles) 
away, the Viking cameras 
photographed the irregular, cratered 

' surface of Phobos in such detail that 
tiny craters and mounds a few meters 
acro^s'can be seen in the. pictures 
(Pigures 23 and 24). Many scientists 
think that .Phobos. which is only 20 

' kilometers ('12 miles) in diameter, is^an 
asteroid that was captured by Mars* at 
some time in the past. If they are right, 
the Viking cameras have given, us our 
.first close look a.t what we will find ' 
when we venture beyond Mars into the 
millions o^ tiny bodies that occup/ihe 
Asteroid Belt itself. . 

Even as the Viking data continue to 
flood in. there are active discussions 
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F/Slure 2f . The Lantf o/ ih^ (Martian) 
Midnight Sun. Tha north polar region of 
* Mars is displayed by the caniera of the ;'' 
Viking 2 Orbiter as the spacecraft passed 
over the Martian Arctic for the first time in, 
October, 1976. Broad regions of white ice 
are broken by. darker slopes ahd valleys 
Cut into Jay ered rocks that underlie the 
icecap itself, Individual rock layers appear 
as curved parallel lines that follow the 
contours of the slopes and valleys. 
Measurements of the surface temperature, 
made by instruments carried on the 
Orbiter, indicate that the ice is frozen 
water, not frozen carbon dioxide. Top to 
bottom of the picture is abou( 360 
kilometers (225 miles). The Martian north 
pole is about 300 kilometers (170. miles) 
beyond the top of thei^icture. (Just like 
the Earth's Arctic regions in sunimer, this 
part of Mars alsoiias a "midnight sun"^r 
total daylight— because the inclination of 
Mars' axis and the length of the Martian 
day are almost ider^tical to Earth's. 

Figure 22, A Valkty that tuta Into the 
Paat* Walls of a deep valley, eroded in the 
Martian north polar cap, display the , 
layered deposits of rock or windblown 
dust that ijnderlie the polar ice itself. , / 
Jndividual layers as little[as 50 meters (165 
"feet) thick can be, detected, even though 
the^iQture was taken from,about 2200 
klfomeiers (1370 miles)' away. The different 
layers may record many past changes in 
the Martian climate, by the same 
mechanisms that produce the changing 
ice ages on the Earth. Dark smudges oov 
the ice^surface may be recent deposits qf 
windblown dust. This closeup vie'wi'iaken 
- in Martian mid-summer (October, 1976) by 
the Viking 2 Orbiter, shows an area of the^ 
polar cap about 60 by 30 kilometers (37 
by 18 miles): Water ice (white) covers a 
high, level plateau, and the steep wall of . 
the valley (tdp) drops about 500 meters 
(1650 fe^t) from the ice ley er to the 
bottom^Jiis color picture was made by 
combifiihg l^lack-and-white pictures taken 
through three different color filters. 



about follow-up missions to Mars that 
can now.be planned on thQ. basis of .. 
what we have already learned. For all 

. thgt Viking has done, it is only a 
beginning; what we have learned from 
the robots on Mars is still not much 

.more than vye had learned from the 

. robots (Surveyor spacecraft) that we 
sent to the Moon before the first 
astronauts landed there. We know that 
the surface of Mars will support the 
weight^of machines and humans. We 
have the first rough chemical analyses 
of the soil. We have taken pictures of ' 
the surface and du^i'renches in it. 

;And we can now make excellent maps 
of the planet a:n6 pick the sites for 
future landings. ; 

To send astronauts to Mars would 
be a major uriderlaking. Not only 
would a manned .mission require 
extensive technological developr)n,ents. 
but there are serious medical 
problems involved in keeping the crew 
physically fit during a two-year trip jn 
zero gravity. ^ 

For the near future at least, 
machine's must do our exploring for 
us. One possibility would be a robot 
"rover" that would land on Mars and 
then drive across its surface, making 
chemical and biological analyses as it 
went. Another possible mission would 
involve a new kind of Orbiter around 
Mars, one that would carry instrumeqts 
to measure the chemical composition 
of Mars', surface, just as instruments 
carried on the Apollo spacecraft 
mapped the chemistry of nearly one- 
quarter of the Moon. From this Orbiter, 

. probes could be dropped to the 
surface, carrying instruments 
especially designed to survive the 



shock of a hard landing. In this way a 
network of- instruments. could be 
placecton Mars to give us global \ 
coverage of the planet's chemistry. 
Marsquakes. and weather. 

More ambitious, but entirely within 
■our abilities, is a more complex robot 
that would land on Mars, collect 
samples of rocks and soil, apd return, 
them to Earth, where they could be' 
studied directly yvith the resources of- ■ 
all of Earth's laborc*ories. Only in this 
way can we make the thousand 
necessary analyses that are too 
complex to be rriade by machines on 
the surface of Mars. Only with such , 
returried samples can we determine 
with. confidence the ages of the rocks, 
the minerals that compose them, their 
, co'^plete chemical composition, and 
the weathering they have undergone. 
With inSit^r^uments that are now 
availabl,e,":Sve could finally establish 
beyond do^i^t whether such returned 
samples^contain any Martian life. With . 
the experience of a decadean.^space. 
and with the knowledge gainfed from- 
sampling the Moon, we cari;ipbllect. 
■ preserve, and analyze such^samples 
tfom the surface of Mars whenever we 
choose. ' :r* 

The Vikings have become- a bridge' 
into the future. When the Lariders have' 
sent their last data back to Earth, they 
will remain like monuments dn'.the 
surface of Mars, waiting silently^until . 
new machines, and finally^ human 
beings, come to stand beside them. . 
"(Figure 25.) 



Figure 23. A Battered Moon of Mars, 

Even tiny, craters in the surface of Mars' 
innermost moon, Phobos, are captured in 
this photograph taken by the_ S/iking 1 
Orbiter cakieras on February 18, 1977. To 
take this pfpture, the. spacecraft came as 
close as 480 kilometers (300 miles) to the 
tiny moon, photographing features as 
small as 20 rpeters (65 feet) across. 
Phobos is elliptical in shape; the top-to- 
bottom, diameter is 19 kilometers (12 
rriiles), but diameters in other directions ' 
are 21 kilometers (13 miles) and 27 
kilometers (17 miles). Because of its 
irregular shape ^nd ancient, cratered ' . 
surface, scientists think that Phobos may 
be an asteroid thc^ was captured by Mars, 
possibly billions oh years ag^. A large . 
crater at th^e lower ""flight is named Hall after 
thp' American astronpmet who- discovered ^ 
the two moons of Mars, in 1877. The 
ragged appearance ht the right side is 
produced by shadows^on the unlit parts of 
Phobos' irregular surface. 

JFigure 24. A Moon Abaut to Break? 

y^fallel lines of fractures^nd craters 
ext6nd^acrpss the whole surface of Mars' , 
inner moon Phobos.. Some^cientists 
think, that the whole moon'ikgradually • 
breaking up from the impact^ of large 
^meterorites and from the' tidahorces 
produced during its rotations around Mars. 
Jnjhe future , Phobos may <;ijsirkegra te 
completely into small fragrrients\forming a 
ring around Mars like the familiar\rings of 
Saturn or the similar rings discove^d 
recently around the distant planet X^ranus^ 
This picture was taken by the Viking^U 
Orbiter as it passed within 300 kil^rfmers 
(200 mile&) of Phobos on May:^1977. . ' 
The picture 6(? the righti^^ffie original\^ 
data: the left-hand jpicture is the computer- 
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^ FIguf 25. A viking Sees a SunsBt on a 
Naw. World. The Sun has set on Mars, but 
a lingering twilight brings a reddish glow 
to the Martian surface (left) ^pd to the top 
of the diking' 1 Lander ( lower right) . The 
light of the Sun is scattered by red dusi in 
the atmosphere, coloring the surface and 
producing a reddish color in the sky where 
the Sun has set. Near the. Sun, the picture 
V - is overexposed, and that part of the sky 
appears white (upper right). The colored 
rings around the white spot are not real: 
' they are produced during the computer 
processing of the camera's pictures. A 
human eye .looking at the same scene, 
would see a black night sky, grading 
uniformly into a reddish glow where the 
Sun has set. 

FIgura 26. "Mars, thla Is Viking ... 
: Viking, thiB la Mars.** An apparent 
welcoming committee of lavaVike ^Martian 
rocks is framed by the radio antenna (top) 
and, other instruments on the Viking 2 . 
Lander. JAie pink color of the sky is 
produced t)f fine red dust carried by the 
Martian winds. The American flag (left) 
and several color calibration charts helped 
scientists determine the actual color of the 
Martian sky and landscape from the . 
\ ' pictures returned by Viking's cameras. 



Appendix 

Suggestions for Further 
Reading 

The Planet Mars 

Avener^M.M., and-R.D. MacElroy 
1(1 976), On the Habitability of Mars, 
NASA Special Publication SP-414, , 
U.S. Government Printing Office,. 105 
p., price $5.2^ A long-range . ' . 
consideration of whether life can . ' 
survive on MarS and of how we might 
bring life . . . includirfg. ourselves ... to 
-the planet to change its present 
environment into something more ; 
Earthlike. ' 
• ' • • • 

Bradbury,. R. A.G. Clarke, B.. 
Murray, C. Sagan, and W.. Sullivan 
(1973). Mars and the Mind of Man, 
hJew York, Harper and Row, 143 p.. 
price $7.95; A collection of essays 
about Mars, in which five scientists 
and writers discuss their feelings 
about fyiars and what rriight be found 
there as Maririer 9 went into orbit 
around thejDianet in* 1971 . Ifjie book 
also presents some later rea(^tions of 
the same people to the discAeries 
made by the slbacecraft. \ 

■ : . • • . 5 

Carr, M. (1976). "The Volcafioes of 
Mars," Scientific Americaf), Vol, 234. 
No: 1. January, 1976. pp. "52-43. A 
detailed discussion of the hug^ 
volcanoes discovered on Mars'|in 1971 
by the Mariner 9 spacecraft: their size 
and appearance, their differences from 
terrestrial volcanoes, their ages,|and 
what they tell about the history ajnd 
internal structure of Mars. " \ 

. Glasstone, S. (1968). The Boo^, o/ . 
Mars, NASA Special . Publication SP-> 
179, U.S. Government Printing-office. 
31 5 p.,. price $5.25.. A thorough 
compilation, now somewhat dated, of 



our.knowledgfaboul Mars in the pre- 
Mariner and pre-Viking years. Still a ^ 
useful source of information about the 
general characteristics of Mars and 
the history of study of the planet. 

H^'ftmann, W.H., and 0. Paper 
(1974), The New Mars: 'the Discoveries 

- of Mariner 9, NASA Special Publication 
SP-337, U.S. Government Printing 
Office, 179 p., price $8.75. A * , 
beautifully illustrated textbook that' 
'combines the^.early discoveries- about 

• Mars with the findings of Mariner 9's 
close-up pictures. Carefully selected . 
photographs highlight separate 
chapters that describe different, 
features of Mars. Photographs 
compare similar views of f\/lars and 

' Earth. <■ ' ' ' ■ 

Mars as Viewed by Mariner 9 
; (1974), NASA Special Publication .SP- 
329. U.S. Government Printing Office, 
225 p., price $8.15. A detailed "picture 
book" of Mars as seen 'through the 
, cameras of Mariner 9, this document 
contains several hundred captioned 
illustrations of the craters, volcanoes. / 
. canyons, dunes, clouds, and ice caps'" 
that make Mars a complex and 
fascinating, planet, partly like Earth and 
partly like the Moon. . /' 

f^i Hoyt. W.G. (1976), Lowell and Mars, 
Tucson, University of Arizona Press,* 
376 p.. price $13.95 hardbound, $8.50 
papert)ack. A detailed and scholarly 
biography of the astronomer Percival ' 
Lowell and his involvement, in the 
controversy over the existence of 
intelligent life on Mars. For people, 
interested in the history of astronomy 
an'd the study of Mars in the early zOth 
Century. 



fviutch, T.A., R.E. Arvidson, J.W. 
Head 111.; K L Jones, and R.S. / ' ' 
Saunders j;.1&76), The Geology 6f 
Mars,* Princeton, N.J., Princeton . 
Uriiversity. Press, 400 p., price S35.00. • 
A graduate-level textbook on the 'r. 
Surface features,, geological / 
prbbesses, and rock formations of 
Mars as determined frt)m spacecraft 
olpservatiohs. (There is a. brief 
apperidix containing' ear^ yikipg 

. results.) The book' provides a detailed 
scientific summary of our current 
knowledge about Mars. It/also 
provides good comparisons of how 
the same geological forces . , . 
volcanoes, wind, and.vyater ..." 
operate in different ways On the Earth, 
Moon, and Mars. / . 

Veverka, J. (1977)/'Phobnranh - 
Deimos," Scientific American, Vol. 236. 
No. 2, February, 1977, pp. 30-37t A 
description of the two tiny moons of 
.Mars, revealed in close-up 
photographs taken by the Mariner and 
Viking spacecraft. The moons maiy be 
captured asteroids. They aive us an 

.. jndica'tion Qf what million^f other 
small bodies iri the solar systenn may 

• be like. 



Viking Results 

"Mars: Our First Close Look," 
National Geographic, Vol. 151, No. 1. 
January, 1977. pp. 2-31. Handsomely 
illustrated presentation of Viking results 
for' the general reader, Scientific 
results are combined with beautiful" 
color panoramas of the surface of 
Mars. 



Young, R. S. (1976) "Viking on 
f Mars— the First fy)onths.",A//AS/A Report 
to. Educators, Vol. 4, No. 4, December, '- 
1976, pp. 1^5. To obtain write 
. Educational Programs Division/FE. 
,|viationkl Aeronautics and Space 
Administration, Washington, D.C. ' ' 
2Q546. 

Two technical summaries of the 
Viking scientific results are: 

Young. R.S. (1976). "Viking on Mars: 
A Preliminary Survey." American 
' Scientist, Vol. 64. No. 6. November- 
December. 1976. pp.- 62(^627. 

voting 1 . Early Results, ( 1 976), 
NASA Special Publication SP-408. 
U.S. Government f^rinting Office.. 67 p.. 
/ price $2.00. 

Technical ahicles on 'all aspects of 
• Viking scien9e. written by the scientists 
themselves, have appeared in the 
fotlowing issues of the magazine 
Science, published by the American 
Association for the AdvahierrDent of 
Science: .■ 
27 August 1976. Vol. 193. No. 4255. 
pp. 759-815. 

l" October 1976. Vol. 194. No: 4260, 
pp. 57-105. \' 
17 December ^97^ Vol. 194, No. 
4271. pp. 1274-1353. 



Experiments and Activities 

1. Geography and^Mission 
Planning. 

The following are the Martian 
latitudes and longitudes of locations , 
that were considered as possible ^ 
landing site? jor the Viking spacecraft: 



Latitude 


Longitude. 


(Viking 1 landed 
near here.) 


22° N. 


48° W. 


20° N. 


108°^. 




44° N. 


10° W. 




46° N. 


iio°w. ■ 


'«♦ 


46° N. 


150° E.. 


(Viking 2 landed 
near here.)g» 


7°S. 


43° W. 


V' ■ 


5°S. 


5°W. 



If MASA (the Martian Aeronautics 
and Space Administration) sent 
spacecraft to land at the same 
latitudes and longitudes on Earth, 
where would each one land? What 
hazards would be encountered^.Wha't . 
would happen to the spacecraft?^^/Vhat 
would the spacecraft see? Wouid^r 
detect water? life? intelllgerice? 

If you were working for MASA. what 
sites would you pick for a landing on 
Earth? Why? For each site, identify the 
hazards that your Spacecraft lander 
would have to survive. What would you 
expect to find? Find some pictures of 
the Earth \fp[n space to examine. for 
interesting locations. 

> 2. Retrorockets 

Demonstrate the retrorocket 
.principle by attaching a balloon to a 
Wooden block and sliding the block 
down an inclined plane. Determine the 
velocity from the length of the plane 
and the time it takes the block to slide 
down, it. Repeat the same experimenj^ 



letting the inflated balloon expel air in 
the direction that the block Is moving 
(i.e., "downhill"). Show that this' 
arrangement slows the block down, 
just as retrorocket mAors slowed 
down the Viking'Landers. Turn the 
block around so that the balloon 
expels air in the "uphill" direction as 
tf\e block slides down the plane. 
Calculate the annount o1 velocity 
added to (or subtracted from) the ' • 
block by the action of the balloon in 
each. use. 

• 

3. Life Detection ^ 

Carry out simple versions of the 
Viking life detection experiments by '-^ 
making cheniical tests for thl^'' 
presence of life. in terrestrial soils. An 
apparatus to detect carbon dioxiplQ 
(CO2) or water (H^) given off by 
organisms in the. soils can be made by 
connecting two db\\\es with a U-tube., 
Place a sample of organip-rich soil in 
one bottle. (Use commercial peat if no * 
suitable soil is availalple.) 

To detecf CO2. place a limewater 
solution in the other bottlQ. The end of 
the U-tube should be placed about 10' 
hnrri (V2 inch) above the surface Of .th^^ 
limewater. Any CO2 given off wlirl'eact 
with ^h§ limewater to produce a' cloudy 
or' milky appearance. (Try using a \ . 
photographic light-meter to measure 



^ . "ft, 



how rapidly the limewater turns ^ 
.cloudy.) . 

Although, watQr Iri the soil may not 
be producefi by organisms, its 
presence Indicates the possibility of 
. life. Water given off " by the soil can be 
. observed by using a commercial 
drying agent, like. "Indicating Drierite" 
or cobalt chloride paper, instead of ^ 
limewater. The drying material can be 
placed either in the U-tube or in the 
second bottle: Water can be detected 
by weighing the drying material NDr by . 
noting the change in color. 

In experimenting:with heating the 
•soil, low heat should increase organic 
activity and should cause a faster 
evolution of CPi or H.p. Too^much 
heat will kill the- organisms arid stop 
gas production. In addition, test a 
"control sample" that f)as been ^ 
sterilized, by heating the soil bottle ih^ 
,boiling-water, and observe the 
difference in behavior. 

4. Wind Erosion 

Experiment with making wind- 
produced landforms by blowing an 
electrician (or hair dryer) over a large 
shallow box filled with loose sand. . 
Vary the force of the. Wind, Jhe 
distance or th^ fan from the sand, and 
the angle at which the wind strikes the 

' surface. Try to duplicate the sand 
dunes and ripples seen In Viking ' 
pictures of the Martian surface. 

Place rockis on the sand surface, 
and try to duplicate other features 
seen on Mars: wind-scour under rocks, 
trails of sand on the downwind ?ide of. . 
rocks, and sand deposits on top of ^ 
rocks. How can these. features be 
used to determine the winb direction? 
Reverse the direction. of the wind, and 
see how much wind force is needed to 
change these wind features so that 

, they indicate the new wind di/ection". 

" Do wind features on Mars necessarily) 

" Indicate the presenf wind 
direction? Try making and studying 
3-dlmensional stereo photographs of ' ^ 

'. your artificial wind features. (See 
Experiment #5.) 



5. Stereo Photography 

^ Demonstrate .how three-dimensional 
;stereo pictures, like those produced 

^ by the Viking cameras, are made and 

"used. TaKe one pipture of a scene 
(e.g., a classroom); move the camera 
2-3 feet sideways, and take another 
picture of th6 same scene. Examine 
the two pictures with a stereoscope, 
moving them until. the picture Is seen 

. in three dimensions. Make sketches 
and maps of the scene, indicating 
objects that are high and low, near 
an3 far. A print-making color-. camerai 
is cdnvenient,. but any camera can be 
used. 

If you use a color camera, you can^ -^ 
demonstrate how the Viking cameras 
produce color pictures by combining 
photographs .taken through different ■ 
cc31c3r filters. Experiment by placing_ 
colored filters. (of glass or plastic) In 
front of the camera lens before you 
take the picture. Wratten gelatin filters, 
are best: number 47B (blue). 29 (red), 
61 (green). Colored acetate can also 
be used, it is qheaper. but it* will distort' 
the image somewhat. Take each ^ • 
■ picture in a.stereo^palr through ; . . 
different colored filters, then "combine" . 

^ the colors'by viewing the stereb-pair . . 

. with the stereoscope. Which pair of ' 
color filters prbduces the best match 

. with the colors in the' original scepe? 
Are two colors adequate to make a ' 
good match? , ; » 

6. Magnetic Material in the 

Soil . 

Make a synthetic "Martian spir'.by.. , 
mixing. about 5 percent of nnagnetic 
material (crushed magnetite! Fe^^ or 
iron metal filings) with clean white 
sand. Using^a large bar or horseshoe 
magnet, try various methods of 
.collecting this, magnetic material, .from 



the soil, e.g., scraping the n^agnet 
through the soil, pouring the soil over 
the magnet, or spi'eadlnlg out the soil ^ 
in . a thin layer and passing the magnet 
ove^ It, First wrap the magnet in paper 
or plastic film sC^hat you can easily 
remove the magnetic rraterial that , 
adheres to it. ■ ^ 

Examine the collected material with 
a hand lens 6r a low-power .r 
microscope; How much white 
nonmagnetic sand was collected with 
the dark magnetic material? ' , 
Prepare a soil saniple that cpntains 
a known weight of magnetic material. 
Try various collection methods and ^ 
weigh the amount of magnetic material 
collected in each way. Calculate the' 
efficiency of each method, i.e., the, 
weight, collected divided by the weight 
originally present. Discuss vvihy, some 
collection methods do not approach 

"100 percent efficiency. ' 

Make up several soil samples with 
varying amounts of magnetic material, 

"e:g., t, 5, 10, and 25' percent, Process 
each sample with the most efficient 
collection method, ^and weigh the 
amount of magnetic material collected, 
Calculate the total amount of magnetic 

' matierial present, knowing that: 
(amount present) = (amount collected) 
/'(efficienpy)*. Repeat the experiment a 
few times. How reproducible 3re your 
results? How accurate arie.they? 
Substitute a different magnetic 

. materiar(iron. metal filings for 
magnetite or vice verscf) and repeat . 
^he experiments. Does the efficiency of 
the collecting methocl3 change? Why? 

7. Mechanical Properties of 
the Soil : 

Study how the mechanical 
properties of differenrsolls affect the 
appearance ol trenches dag in them.^ • . 
Make a series of soil samples by. 
mixing loose sand with varying 
. amount^ of fine clay or chalk powder. 



Ejiperiment on mixtures that contain ' 
zero percent, day .(pure sand),, 25 
„ percent, 50 percent, and 100 percent . 
clay (pure clay). 

Make trenches by sticking a ruler 
into the soil and pulling it through tha 
soil sample.. Note the appearance of 
each trench, and describe what 
happens to the walls after the trench is 
formed. VVhat percentage of clay is 
needed to»form a steep-walled trench 
like those in the Viking pictures? 

Pour aasample of each soil onto a flat, 
surface from a height of a few 
centinheters" Note how the piles differ 
in. smoothness'. In slope; and in the 
nurriber and size of clumps forrned by 
the soil. 

Is there any. difference In behavior 
between thsksoil that has 25 percent 
clay and the soil that is pure clay? ; 

Examine the Viking pi'ctures of the 
trencHes dug in fVlartian soil. Does the 
Martian soil behave Ijke loose sand?. 
Which soil sample best duplicates the ^ 
behavior of the Martian soil? 

Study the effect of water by 
sprinkling a. little water on the surface 

■ of the soli sample before digging the 
trench. Through which soil does the 

' yvater rpove fastest? How does the 
water affect the shape of the trench in 
each soil? 

8. The "Canal" Illusion ' 

On a white sheiet of paper about 2 

■ feet by 3 feet in size, draw a random 
,. arrangement of 'dots, cirples, ovals, 

. straight lines,* vyavy lines and irregular 
smudges. Make sure that the diagram 

. is a completely random, pattern." Han'g . 
the paper at thq ffont of the classrqbm 
so that it is. well-lit, and have. the , ' 

♦ stude.nts draw what they see. 

ComfJkre the drawlrigs by students 
who.are closest to the diagram' with 
th'ose by students who are further ' 
away. Which ones -reproduce the 
pattern, best? How many In whiqh 
group draw straight lines where none 
are present In the picture? 

(This exVerimerIt was first perforrried 
many years ago by the astronomer 



MaVinder to demonstrate the eye's 
' tendency to produce irtiaginary lines to 
connect objects that are entirely 
sieparate but poorly seen.) . 

9. Mars in Fact and Fiction. 

J^eople have often cbfVimented'that 
ence-fictlon literature often predicts' 
future facts and developments: (Jules 
Verne's From the Earth to the Moon, 
arid 20,000 Leagues Under the Sea . 
are. often cited as examples.) 

* ■ Science-fiction has been wrltteri 
. - about Mars. for more than three- 
quarters of a centui^. A partial list of 
books, all available in paperback, is: 

H.G. Wells, Tfie ^ar of the Worlds 
(1898). 

Edgar Rice Burroughs. A Princess of 
Mars (1912). 

■ C.S. Lewis, Out of . the Silent Planet 
' (1944). ' ... 

Robert A. Heinlein.'.Red Planet 
(1949).- 

Ray Bradbury. The Martian 
Chronicles'\^950). . /" 

Arthur C. Clarke, Sands of Mars 

Wfhat conditions of temperatures 
atmosphere, and plipnate did the" 
various authors attribute to Mars? What 
kinds of Martians lived in these^' 
conditions? hl^w did Earth people. 
atJjust to Mais, and Martians^rto Earth? 
Did the authoi*s' view of Martian 

■ conditions Change as we lecirned more 

■ about Mars? How accurately did the . 
, authors predict' the Veal nature of Mars 
: as we have determined it' from Viking 

■ and other- spacecraft? , .;■ 

How would you Write ;ar\ "accurate" .. 

■ science-fiction novel based on the 
view of Mars revealedl-by ViklngfWhat 
kinds of "Martiaris". cb'uld exist? What 

* protection would hurri^ns need on the 
surface of Mars? Whdt hoards would 
humans on Mars face from natural ■ 
processes or from "Martians"? 



Suggested Viewing 

A series of four filrfis produce^ by 
NASA discuss the planet Mars and the 
Viking life detection experiments. The 
films, produced before the Viking 
landings on Mars,_ may be borrowed 
from NASA Regional Film Libraries 
without rental charge, 

H026f--qOLOR— 14V2 MINS. 
General characteristic^ of/life are first 
described with non-life similarities 
jiqted. A number of adaptations are ■ 
Included to show how life has adapted 
to EartVconditions, and how certain 
individuals can' withstand " 
environmental irisults. In coriclusion, 
the habitat of Mars is described with 
the questior> raised^as to the possibility 
of life e)^istlng there. 

Mars— Id There Life? 
HQ^263— COLOR— 141/2 MINS, 
Students are introduced to the possible- 
. pasthistorydf Mars, as wellasits 
present surface topography — from 
volcanoes, Ice caps, stream beds, . 
impiact craters»canyonisand wind- 
^erroded surfaces. The Viking lander and 
its bioiogy experiments are dlscurssed 
In relationship to the search for life cJn 
Mats: In conclusion, students are 
asKed to consider life form§ that might' 
be able to survive on Ma,rs, and the 
potential significance of their 
<j|lsdove.fY. " . , ' 

Mars and Beyond. ;^ - 

H0264—COL9R— 1472 MINS. 
This film'Vaces the Viking mission to 
Mars to specifically explore the 
biochemical evidence of life. 
Elementary chemical components of 
life(aswe.know it) a re Introduced; . 
Ihese are related to the organic * ' 
analysis instrument on board the Viking 
lander. The instrument is described by 
design and operations"; T|id:'f>i',ogram 
concludes with the (jbtentfal ' " . * 
slgnificancfeo|lbioch6mical findings- 
how they may relate to past, present ' 
and future Martian life. 



•. AOugstion of L-lfe 

4^0 270— COLOR— 28 1| MINS. 

The film Is a composite version of three 
1 S-minute films: Life? (HO 261 ), Mars: 
Is There Life? (HO 263) and Mars and 
Beyond (HO 264), A definition of life 
and general conditions necessary to 
sustain life are discussed. Viewers are 
•introduced to the possible past history 
of Mars as well as Its present surface 
topography and Its capacity to support 

. life as we know it. Major emphasis is 
placed on the Viking life detection 
experiments Ihciudirfg-ihe three 
'biology experiments ^nd the organic 
analysis instrunrjent. Consideration is 
giveh ioAhe potential significance of , 

■ discovering life elsewhere l,n the ' : 
universe'. ' 



